In this paper a bio-potential monitor system is presented, which relates more particularly to a bio-potential measurement system having wireless communication capability. The bio-potential measurement device includes a flexible substrate (e.g. an active RFID tag) configured to be fastened around a body portion, two probe sets attached to the flexible substrate, a measurement device, and a wireless device. One probe set includes micro-array probes with tip-portions to pierce the skin adjacent to an acupuncture point. Another probe set is used to contact the reference grounded skin. The measurement device is disposed on the flexible substrate and electrically coupled to the two probe sets to detect the biopotentials at the acupuncture points. The measurement device can amplify and measure the bio-potentials across the acupuncture points and the ground. The wireless device, coupled to the measurement device, is configured to transmit the acupuncture code and biopotential information to a remote monitor station for health analysis and care. Several wearable fixtures on the body are also proposed.
Introduction
In 1950s, Dr. Reinhard Voll studied acupuncture points and discovered nearly 2000 acupuncture points on the skin of a human body [1] [2] , and those acupuncture points are distributed along the paths called meridians. Fig. 1 shows the electrically conductive points (acupuncture points) on the human hands discovered by Dr. Voll. Western research found that acupuncture points can be identified by low direct current resistance of the skin. In other words, acupuncture points are specific superficial anatomic locations. At these locations, the skin resistance is lower than that of the surrounding skin. Dr. Voll further discovered that the organ health condition can be determined by measuring the acupuncture impedance corresponding to the specific organs [1] [2] . Besides, electric therapy studies showed that when therapy signals are repetitively directed into acupuncture points, the impedances of the acupuncture points can be restored, and the organs can be treated. Some patents disclose treatment methods or methods of monitoring the health of human bodies using acupuncture points [3] [4] [5] [6] [7] .
In the past a bio-impedance measuring device and a metal probe are manually applied to measure the impedance of acupuncture point [1] [2] [3] [4] [5] [6] [7] . However, the accuracy of the measuring device is adversely affected by poor electrical contact between the probe and the skin, when one acupuncture point with typical area of 0.01cm 2 is measured, usually several measurements at different nearby locations are required to obtain stable and reliable skin resistance information. Some micro needles are made by polymer (SU-8 photo resist) [8] [9] [10] , but they are used for transdermal drug delivery and not for electrical measurements. Moreover, some micro-array probes are made by silicon and metals [11] [12] [13] to solve the skin contact problem, the silicon micro needles are with flexibility by increasing the slenderness ratio and placing a polyimide on the back side, but they are still brittle, fragile and unable to dispose according to human body profile in a large area manner, thus the contact resistance between probe and skin may still be increased. Besides, those probes cannot piece into the corium layer and the acupuncture points usually lie under the thick cuticle, so the measured impedance is often higher than its true value, causing erroneous measuring results. Thus it is not only very time-consuming to make stable and reliable skin contact, but a trouble thing to measure the acupuncture impedance one by one. Although there are some other methods for health care [14] [15] [16] [17] [18] [19] [20] [21] [22] , but they are not based on acupuncture impedance measurement. Due to the disadvantages of the previous impedance measuring devices, this paper proposes a new web-based health monitor device with multiple RFID tags International Conference on Computer, Networks and Communication Engineering (ICCNCE 2013) [23] [24] [25] [26] [27] [28] as in Fig. 2 , which can simultaneously measure the impedances of human acupuncture points. Each RFID tag comprises a flexible substrate, two sets of sharpened nonfragile micro-array probe, a RFID antenna, and a RFID IC chip embedded with a current driver and a measurement device. The micro-array probes are made of stainless steel covered with bio-compatible TiN, and they can pierce into the subject's corium layer by 200-300μm without penetrating the dermis and causing the infection problem. The tag is a flexible plastic substrate, e, g. PT, PET and PI, so the probes are easier to deploy and conform to the body skin profile. Besides, the measurement device can not only amplifier the bio-electrical signals to improve the S/N ratio and impedance matching problems, but measure the acupuncture impedance [29] [30] [31] . Thus we can simultaneously deploy several RFID tags on the human's acupuncture points, and then remotely monitor and analyze the human health condition, and perform health care on the web. Thus the proposed system is very useful. Besides, several wearable fixtures on the body are also proposed.
The other parts of this paper are as follows: The second one concerns the operation principle. The next one relates the system integration test and discussion. The last part is the conclusion.
Operation Principle
The block diagram of the proposed web-based human health monitor with a RFID reader of monitor station and multiple RFID tags is shown in Fig. 2 . As shown in Fig. 3 each RFID tag comprises a flexible substrate, two sets of sharpened non-fragile micro-array probes, an RFID antenna and a RFID IC chip embedded with a current driver and a measurement device. The micro-array probes are made of stainless steel covered with bio-compatible TiN. The tag is a flexible plastic substrate, e, g. PT, PET and PI, so the probes are easier to deploy, conform and touch the acupuncture points on the skin. As in Fig. 3 , the RFID antenna is fabricated with PCB (Printed Circuit Board) technology on the substrate surface and configured to receive/transmit RF signals. The RFID IC chip on the right side is also bonded on the flexible substrate and coupled to the antenna. The RFID chip can demodulate the received RF signals from the web monitor station and measure the bio-potential of the acupuncture across the micro-array probes. Moreover, the probes on the left side protrude from the substrate are electrically-coupled to the measurement device embedded in RFID IC chip, the measurement device as shown in Fig. 4 can receive, amplify, and send the digitized bio-potential signals to RFID IC chip for encoding, and finally transmitted by the antenna to web monitor station (RFID reader) for monitoring and analysis. As shown in Fig. 4 the measurement device has a CMOS amplifier used for impedance matching. Since both the magnitudes of CMOS amplifier input impedance and bandwidth of are very large, thus not only S/N ratio but the impedance matching problem can be improved. Thus we can simultaneously deploy several RFID tags on the acupuncture points as shown in Figs. 5-7 for several wearable fixtures, and then monitor and analysis the acupuncture impedances and we can know the health condition on the web. 
System Integration Test and Discussion
As shown in Fig. 9 one set of the micro-probes is affixed over a man's acupuncture H5 (tōnglǐ) on the back of a wrist, and the other one is connected to the copper cylinder ground held by a hand. The RFID reader is placed at 15m away. The bio-potentials for a man with and without staying up late for all night are obtained as shown in Fig. 10 (29) (30) (31) . Noted that the bio-potential with staying up late for all night is much larger than the other one, we have repeated the test of the same person for several times, the results are almost in consistence with each other. Thus the bio-potentials obtained by the proposed device and system can be applied for the diagnosis, remote health care and monitoring of body organs. The other applications of the proposed apparatus are put multiple RFID tags on a glove wrapped over a finger, fingers and wrist as shown in Fig. 11 , or fastened around the forehead as in Fig.  12 , or on a sock wrapped around the leg and toe as in Fig. 13 .
Conclusions
A RFID-based wireless bio-potential monitoring and health care system is proposed in this paper. The measurement device includes a flexible substrate configured to be fastened around a body portion, two probe sets attached to the flexible substrate, a RFID chip, and a wireless device. One probe set includes micro-array probes having tip portions configured to pierce the skin adjacent to an acupuncture point. Another probe set is used to contact the reference skin as an electrical ground. The measurement device is disposed on the flexible substrate and electrically coupled to the two probe sets to measure the bio-potentials between the acupuncture points and the reference ground point. Besides, the bio-potentials can be amplified and converted to a digital signal. The wireless device, coupled to the measurement device, is configured to transmit the acupuncture code and bio-potential information to a remote monitor station for the diagnosis and health care. 
